A novel actinomycete strain, designated RP-AC37 T , was isolated from rhizosphere soil collected on Mara Island of Jeju, Republic of Korea. Cells were aerobic, Gram-positive, oxidase-negative, catalase-positive, non-mycelium-forming and motile rods (0.6-0.7¾1.9-2.4 mm). Phylogenetic analysis based on 16S rRNA gene sequences showed that the organism formed a distinct clade within the radiation occupied by the suborder Frankineae. 16S rRNA gene similarity values were less than 93.2 % to members of the suborder Frankineae and related taxa. The diamino acid isomer in the cell-wall peptidoglycan was LL-diaminopimelic acid. The major whole-cell sugars were glucose, galactose and xylose. The major menaquinone was MK-9(H 4 ). The polar lipids were diphosphatidylglycerol, phosphatidylcholine and phosphatidylinositol. The cellular fatty acids were straight-chain, unsaturated and saturated, with a significant amount of tuberculostearic acid (10-methyl-C 18 : 0 ). The DNA G+C content was 73.2 mol%. The combination of morphological, chemotaxonomic and phylogenetic data clearly separate the isolate from members of known genera of the suborder Frankineae and related taxa, suggesting that the isolate represents a novel species in a new genus in this suborder, for which the name Motilibacter peucedani gen. nov., sp. nov. is proposed; the type strain is RP-AC37 T (5KCTC 19630
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The suborder Frankineae, proposed by Stackebrandt et al. (1997) and emended by Zhi et al. (2009) currently encompasses six families: Frankiaceae, Acidothermaceae, Cryptosporangiaceae, Geodermatophilaceae, Nakamurellaceae and Sporichthyaceae. Eleven genera are assigned to this suborder and members have been isolated from various sources (plants, hot springs, stone surfaces, activated sludge, soils and a medieval mine): Frankia (Brunchorst, 1886) , Acidothermus (Mohagheghi et al., 1986) , Cryptosporangium (Tamura et al., 1998) , Geodermatophilus (Luedemann, 1968) , Blastococcus (Ahrens & Moll, 1970) , Modestobacter (Mevs et al., 2000) , Nakamurella (Tao et al., 2004) , Humicoccus (Yoon et al., 2007) , Saxeibacter (Lee et al., 2008) , Sporichthya (Lechevalier et al., 1968) and Fodinicola (a genus without a family; Carlsohn et al., 2008) . Three genera, Kineococcus (Yokota et al. 1993) , Kineosporia (Pagani & Parenti, 1978) and Quadrisphaera (Maszenan et al., 2005) , have been assigned to the families 'Kineosporiaceae' and Nakamurellaceae (Garrity et al., 2007) of this suborder, but were recently transferred to the family Kineosporiaceae, suborder Kineosporiineae (Zhi et al., 2009) . Recently, a new genus, Angustibacter (Tamura et al., 2010) , was included as a member of the suborder
Kineosporiineae. This paper describes the classification and identification of an actinomycete strain from rhizosphere soil by a polyphasic taxonomic approach. The organism is phylogenetically remotely related to members of the suborder Frankineae.
Strain RP-AC37 T was isolated from rhizosphere soil of a plant (Peucedanum japonicum Thunb.) collected on Mara Island of Jeju, Republic of Korea. Treatment of the soil sample and the medium for bacterial isolation were as described by Lee (2009) . After incubation for 14 days at 30 u C, the isolate was maintained as 20 % (v/v) glycerol suspensions at 220 and 280 u C.
Cell morphology and motility were observed using phasecontrast and transmission electron microscopy, with cells grown on International Streptomyces Project (ISP) 2 medium (Shirling & Gottlieb, 1966) for 3 days at 30 uC. Cells were negatively stained with 1 % phosphotungstic acid before observation. Colony morphology and pigmentation were observed on ISP 2 medium incubated for 5 days at 30 u C. Oxidase activity was checked with tetramethyl-pphenylenediamine. Gram staining was carried out using the Gram 2 kit (bioMérieux) following the instructions of the manufacturer. Catalase activity was checked with a solution of 3 % (v/v) H 2 O 2 . Anaerobic growth was tested by using a GasPak EZ Anaerobe Pouch System (BD). Growth of cells was examined on ISP 2 medium, nutrient agar (NA; Difco) and trypticase soy agar (TSA; Difco). Growth was tested at different temperatures (4, 10, 25, 30, 37 and 42 u C) over 7 days and at pH 4.1-12.1 for 7 days at 30 u C. The medium pH was adjusted at intervals of 1.0 pH unit with 6 M HCl or 10 M NaOH, after autoclaving. Tolerance to NaCl was examined on ISP 2 medium supplemented with 1-9 % (w/v) NaCl (at intervals of 1 %) and the results were recorded after incubation for 7 days at 30 u C. Decomposition of hypoxanthine, DL-tyrosine and xanthine was determined according to the method of Gordon et al. (1974) . Degradation of carboxymethyl-cellulose (0.5 %, w/v), casein [1 % (w/v) skim milk] and soluble starch (1 %, w/v) was tested using ISP 2 medium as the basal medium. Hydrolysis of DNA was assessed using DNase test agar (Difco). Urease activity, nitrate reduction, gelatin liquefaction and hydrolysis of aesculin were assessed by using the methods of MacFaddin (1980) . Utilization of carbohydrates was determined on ISP 9 medium (Shirling & Gottlieb, 1966) supplemented with filter-sterilized carbon sources. Acid production from carbohydrates and alcohols was determined by using Bacto OF basal medium (Difco) as described previously (Lee, 2007) . Other physiological and biochemical tests were performed using API 20NE and API ZYM strips (bioMérieux) according to the manufacturer's instructions.
Cells were strictly aerobic, Gram-positive, oxidase-negative, catalase-positive, non-mycelium-forming rods (0.6-0.761.9-2.4 mm), motile by means of a polar flagellum (see Supplementary Fig. S1 in IJSEM Online). Colonies were orange-coloured, circular, opaque, pulvinate with entire margins and reached 1.0-2.0 mm in diameter after 5 days of incubation at 30 u C on ISP 2 medium. Other physiological and biochemical data are given in the species description.
Extraction and purification of genomic DNA were performed as described by Hopwood et al. (1985) . Amplification and purification of the 16S rRNA gene and direct sequencing of the PCR product were performed as described by Lee (2009) . The 16S rRNA gene sequence of strain RP-AC37 T (1424 nt) was aligned to actinobacterial sequences retrieved from public databases by using the CLUSTAL_X algorithm (Thompson et al., 1997) . Evolutionary distances between pairs of micro-organisms were calculated by using the model of Jukes & Cantor (1969) . Phylogenetic analyses were performed by using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) methods. To determine the stability of tree topologies, bootstrap analysis (Felsenstein, 1985) was performed using the programs SEQBOOT, DNADIST, NEIGHBOR and CONSENSE contained in the PHYLIP package (Felsenstein, 1993) , with 1000 neighbour-joining datasets.
A total of 1288 nt unambiguously aligned positions of the 16S rRNA genes were used for tree construction. A neighbour-joining tree ( Fig. 1 ) based on evolutionary distances calculated by the model of Jukes & Cantor (1969) revealed that the isolate belonged to the suborder Frankineae with a bootstrap support value of 81 %, but formed a separate line of descent between two clades, one occupied by members of the family Nakamurellaceae and the other occupied by members of the genus Fodinicola and the families Frankiaceae, Acidothermaceae, Cryptosporangiaceae, Geodermatophilaceae and Sporichthyaceae. In a sequencebased maximum-parsimony tree, the isolates formed deep branching points at the base of a radiation encompassing all members of the suborder Frankineae (data not shown). Strain RP-AC37
T showed 16S rRNA gene sequence similarity values of less than 93.2 % to members of other taxa of the order Actinomycetales. Highest sequence similarity values to members of the suborder Frankineae were found with strains of members of the genera Blastococcus (92.3-93.2 %) and Geodermatophilus (91.8-93.2 %) (family Geodermatophilaceae) and Cryptosporangium (92.1-93.0 %) (family Cryptosporangiaceae). Strain RP-AC37
T was slightly less closely related to Sporichthya strains (92.5-92.9 %) (family Sporichthyaceae, suborder Frankineae) and Kineococcus strains (92.5-92.9 %) (family Kineosporiaceae, suborder Kineosporiineae). Levels of 16S rRNA gene sequence similarity between the novel isolate and other strains of the suborder Frankineae and related taxa were less than 92.5 %.
For analyses of chemotaxonomic characteristics, strain RP-AC37
T was grown in shake-flasks of ISP 2 broth for 3 days at 30 u C; cells were then washed with distilled water and freeze-dried. The diamino acid isomer in the cell-wall peptidoglycan was determined by the method of Staneck & Roberts (1974) . The N-acyl type of the murein in the cell-wall peptidoglycan was determined according to the method of Uchida & Aida (1984) . Analysis of whole-cell sugars was carried out by GC as described by Saddler et al. (1991) . Isoprenoid quinones were extracted by using the method of Minnikin et al. (1984) and identified by HPLC (Kroppenstedt, 1985) . Polar lipids were analysed by twodimensional TLC (Minnikin et al., 1977) . Mycolic acids were extracted and analysed as described by Minnikin et al. (1980) . The DNA G+C content was determined by HPLC (Mesbah et al., 1989) .
The diagnostic diamino acid in the cell-wall peptidoglycan was LL-diaminopimelic acid (LL-DAP). The acyl type of the muramic acid residue was N-glycolylated. The major whole-cell sugars of the isolate were glucose, galactose and xylose, with small amounts of ribose and mannose. The major menaquinone was MK-9(H 4 ). Mycolic acids were absent. Diphosphatidylglycerol, phosphatidylcholine and phosphatidylinositol were detected as the major polar lipids. Ninhydrin-positive phospholipids or glycolipids were not present (see Supplementary Fig. S2 in IJSEM Online). The DNA G+C content was 73.2 mol%.
For cellular fatty acid analysis, cells of strain RP-AC37 T were grown on ISP 2 medium for 3 days at 30 u C. Fatty acid methyl esters were prepared and analysed according to the instructions of the Sherlock Microbial Identification System (version 2.11; MIDI), using the AEROBE package including TSBA (version 3.9), CLIN (version 3.9) and MI7H10 (version 3.8) databases for identification of fatty acids. Frankineae and related taxa, based on 1288 unambiguously aligned nucleotides present in all strains. Asterisks indicate corresponding branches also found in a maximum-parsimony (Fitch, 1971) tree. Values at nodes represent bootstrap support values (.50 %) based on 1000 replications. Bar, 1 substitution per 100 nt positions.
The cellular fatty acid profile of strain RP-AC37 T was represented by the presence of considerable amounts of unsaturated, saturated and 10-methyl-branched fatty acids with moderate amounts of iso-branched fatty acids, and contained C 18 : 1 v9c (23.9 %), C 16 : 0 (25.1 %), 10-methyl-C 18 : 0 (tuberculostearic acid; 15.8 %), C 18 : 0 (10.7 %), iso-C 16 : 0 (4.7 %), C 17 : 0 (4.6 %), C 17 : 1 v8c (4.2 %), C 16 : 1 v7c and/or iso-C 15 : 0 2-OH (3.8 %), C 14 : 0 (2.7 %), C 15 : 0 (2.4 %) and 10-methyl-C 17 : 0 (2.1 %).
Assignment of strain RP-AC37
T to the suborder Frankineae is supported by the possession of most of the 16S rRNA gene sequence signatures defined for the suborder Frankineae (Zhi et al., 2009) , with the exception of A-U instead of G-C at position 127 : 234. However, the combined data (Table 1) obtained from morphological and chemotaxonomic characterization indicate that strain RP-AC37
T forms a separate line of descent in the 16S rRNA gene sequence-based phylogenetic tree for the suborder Frankineae and related taxa. The presence of LL-DAP in the cell-wall peptidoglycan of strain RP-AC37
T is a key character that can differentiate the organism from members of most genera of the suborder Frankineae, with the exception of Sporichthya and Acidothermus. Sporichthya strains possess the same DAP isomer (LL-DAP) in the peptidoglycan as the isolate, but they differ with respect to menaquinones, polar lipids and cellular fatty acids. Furthermore, Sporichthya strains produce aerial hyphae, but strain RP-AC37 T does not. Although the diamino acid isomer was not defined for Acidothermus cellulolyticus, this species differs from the isolate in terms of cell motility and DNA G+C content. Strain RP-AC37 T forms motile rods and its DNA G+C content is 73.2 mol%, whereas the type strain of A. cellulolyticus is a non-motile rod with a DNA G+C content of 61.0 mol%.
Besides the DAP isomer type in the peptidoglycan, phylogenetically close neighbours and strains of Blastococcus and Geodermatophilus (family Geodermatophilaceae) and of Cryptosporangium (family Cryptosporangiaceae) can be clearly distinguished from strain RP-AC37
T on the basis of their polar lipid and cellular fatty acid profiles (Table 1) . They contain phosphatidylethanolamine as the diagnostic phospholipid and iso-branched fatty acids among the predominant components, whereas strain RP-AC37
T has phosphatidylcholine as a diagnostic polar lipid and lacks phosphatidylethanolamine. With respect to the cellular fatty acid profile, strain RP-AC37
T is characterized by the predominance of saturated and unsaturated fatty acids together with a significant proportion of tuberculostearic acid (10-methyl-C 18 : 0 ). Furthermore, the formation of spherical to irregularly shaped sporangia by Cryptosporangium strains serves to differentiate the novel isolate from members of that genus (Tamura et al., 1998) .
Of the remotely related neighbours, Kineosporia strains (suborder Kineosporiineae) are similar to strain RP-AC37 T in that they possess MK-9(H 4 ) as the predominant menaquinone and contain phosphatidylcholine as the diagnostic phospholipid, but they produce substrate mycelia and contain meso-DAP and LL-DAP, or lysine (Kineosporia mesophila) as the diamino acid(s) depending on the species. Furthermore, iso-and anteiso-branched fatty acids, which are present as moderate amount in the isolate, are not present in Kineosporia strains (Itoh et al., 1989; Kudo et al., 1998; Li et al., 2009; Sakiyama et al., 2009) . It is evident from the phenotypic, genetic and phylogenetic studies that strain RP-AC37
T can be clearly differentiated from members of all genera of the suborder Frankineae and related taxa.
The data presented here from our polyphasic studies indicate that the isolate represents a novel species in a new genus of the suborder Frankineae, for which the name Motilibacter peucedani gen. nov., sp. nov. is proposed.
Description of Motilibacter gen. nov.
Motilibacter (Mo.ti.li.bac9ter. L. adj. motilis motile; N.L. masc. n. bacter the masculine equivalent of the Gr. neut. n. bakterion a rod; N.L. masc. n. Motilibacter a motile rod).
Cells are aerobic, Gram-positive, oxidase-negative, catalase-positive, non-mycelium-forming, motile rods. The diamino acid in the cell-wall peptidoglycan is LL-DAP. The major whole-cell sugars are glucose, galactose and xylose. The major menaquinone is MK-9(H 4 ). The polar lipids contain diphosphatidylglycerol, phosphatidylcholine and phosphatidylinositol. The acyl type of the murein is Nglycolylated. Mycolic acids are absent. The cellular fatty acids are represented by unsaturated and saturated fatty acids together with tuberculostearic acid (10-methyl-C 18 : 0 ). Based on 16S rRNA gene sequence studies, the genus belongs to the suborder Frankineae. The type species of the genus is Motilibacter peucedani.
Description of Motilibacter peucedani sp. nov.
Motilibacter peucedani (peu.ce9da.ni. N.L. n. peucedanum the plant hog's-fennel or sulphurwort and also a botanical genus name; L. gen. n. peucedani of Peucedanum, isolated from Peucedanum japonicum Thunb.).
General morphological and chemotaxonomic characteristics are as given above in the genus description. Cells are rod-shaped (0.6-0.761.9-2.4 mm). Colonies are orangecoloured, circular, opaque, pulvinate with entire margins and reach 1.0-2.0 mm in diameter after 5 days incubation at 30 u C on ISP 2 medium. Good growth occurs on ISP 2 medium and NA, but growth does not occur on TSA. Growth occurs at 20-37 u C (optimum at 30 u C) and pH 5.1-7.1 (optimum at pH 6.1-7.1). Growth does not occur in the presence of ¢1 % (w/v) NaCl. Decomposition of hypoxanthine, DL-tyrosine and xanthine does not occur. Aesculin is hydrolysed, but carboxymethyl-cellulose, casein, DNA, starch and urea are not. The following tests (API 20NE strip) are negative: nitrate reduction, gelatin liquefaction, indole and H 2 S production, glucose fermentation, arginine dihydrolase and urease. Tests for alkaline phosphatase, leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, Table 1 . Differential characters of Motilibacter gen. nov. and related genera of the suborder Frankineae Data for reference genera are from the following: Acidothermus (Mohagheghi et al., 1986) , Blastococcus (Urzì et al., 2004) , Cryptosporangium (Tamura et al., 1998) , Fodinicola (Carlsohn et al., 2008) , Frankia (Lechevalier, 1994; Mirza et al., 1991) , Geodermatophilus (Luedemann & Fonseca, 1989; Zhang et al., 2010) , Humicoccus (Yoon et al., 2007) , Modestobacter (Mevs et al., 2000) , Nakamurella (Yoshimi et al., 1996; Yoon et al., 2007) , Saxeibacter (Lee et al., 2008) and Sporichthya (Rainey et al., 1993; Tamura et al., 1999) . +, Present; -, absent; +/2, variable; ND, no data available. 
